Drought and salinity act simultaneously in tolerance and acclimatization under saline conditions. Therefore, plants subjected to these types of stress should have developed specific structural adaptations at the early stages of development. The solution to these environmental problems is to look for species that are relatively water-efficient and resistant to recurrent episodes of various abiotic stresses such as salt stress. In this study, the salinity tolerance index, ionic homeostasis and osmoprotection were evaluated in A. karroo and A. saligna plants of 90 days old and cultured at various concentrations of NaCl for 21 days. Results showed that salt caused remarkable changes in some growth-related parameters (dry biomass) represented by the salinity tolerance index (STI). Na + , Ca 2+ , and RatioNa+/K+ content in the leaves increased with salinity levels, while K + contents were significantly reduced compared to the control in both acacia species. Levels of proline, total free amino acids and reducing sugars have been accumulated considerably in the leaves. A. karroo was more salt-tolerant than A. saligna. Our results showed that the adaptability of a species to salinity is closely related to ion selectivity and biomass production. The seedlings also accumulated significantly a set of important osmolytes in leaves under salt stress, showing a marked increase in secondary metabolite accumulation. This adaptation proved very specific to each species for better survival in saline environments.
Introduction
Vegetation is the key to restoration of degraded landscapes and its management will be the single most important consideration in any restoration project (Bâ et al. 2010) . Typical desertification processes include soil erosion, deforestation and overgrazing, or salinization and other forms of environmental degradation (Gibbs and Salmon 2015) . The salinity effect on plants can be described in two main stages: Shoot independent reaction occurs first in minutes to days and is thought to be related to Na + detection and signaling (Roy et al. 2014) . In this first stage, the effects of salinity can be significant on water relations, causing stomatal closure and inhibition of leaf expansion (Miller et al. 2010) . The second phase, the saltdependent response to salinity, develops over a longer period (days to weeks) and leads to the accumulation of toxic ions in the stem and particularly in old leaves, leading to premature senescence leaves (Munns and Tester 2008) . Salinity can affect the growth and yield of most plants, inducing a reduction in cell division in roots and leaves, auxesis and cell differentiation, with their complex interactions followed by significant tissue damage, resulting in plant death from prolonged exposure to salinity (Negrão et al. 2017; Kheloufi et al. 2018b ). The generic result of the effect of this abiotic factor is also a loss of productivity (Zika and Erb 2009) .
One of the most urgent problems to be solved today is the reconstruction of degraded ecosystems because of soil salinization. In general, woody vegetation plays a fundamental role in the structure and functioning of arid and semi-arid ecosystems (Gautier et al. 2015) . It is in this context that the introduction of fast-growing exotic species has been commonly used as a solution to facilitate the ecological restoration of degraded landscapes (Schneider et al. 2014) . Like most forest trees, acacias are frequently used in reforestation programs and agro-sylvo-pastoral adjustment systems for arid and semi-arid regions (Mansouri 2011) . Autochthonous acacia species are often adapted to drought and thermal constraints (Kheloufi et al. 2018a ), contribute to the restoration of poor soils and allow fertility gains by fixing variable amounts of atmospheric nitrogen through the association of their root systems with microorganisms (Rhizobium and Mycorrhizae) (Boukhatem et al. 2012) . They are widely known and used for livestock as a source of forage (Mokoboki et al. 2011; Kheloufi and Mansouri 2017) .
A. saligna is the only Acacia tree with phyllodes present in Algeria. This species colonizes all the northern Algeria and can tolerates a wide variety of soil (even alkaline soils) and behaves normally close to very saline soils (Sebkha, chott) and coasts (Kheloufi et al. 2018a) . Indeed, A. saligna can tolerate salt spray, hot coastal sun, extreme winds and sandy soil (Mansouri 2011) . It is used for the creation of good windbreak, and it is one of the fast-growing species. The best example is the project of sand quarry reforestation in association with selected rhizobia by Mansouri (2011) in the region of Aïn Temouchent (Northwest of Algeria). The zone is located at 2 meters of altitude and 400 meters from the coast. The 1840 planted trees of A. saligna show a great development and participate in biodiversity conservation and soil erosion prevention. This species is used as a pioneer species, promoting the improvement of soil fertility in short periods of time, and promoting a better development of other, more productive species. On the other hand, A. karroo is also a fast-growing tree which takes place at the second position after A. saligna. Leaves are composed by many leaflets. Branches are armed with very long sharp thorns. This tree is a reliable source of forage due to foliage, flowers and pods. It is a considerable source of shade in the dry regions and a site of nesting for several species of birds. The wood is hard, durable and its gum is edible (De Vynck et al. 2016 ). This species is listed in most of the Algerian territory and its behavior varies from an ecotype to another (Kheloufi et al. 2018a) . In Algeria, it has been reported that A. karroo could germinate under 400 mM NaCl with 66% of final germination (Kheloufi et al. 2017a ). However, the seeds of A. saligna could only germinate at 150 mM with only 18% of final germination (Kheloufi et al. 2016) . In this study, we describe techniques that measure the impact of salinity in these two acacia species (A. karroo and A. saligna) on physio-biochemical traits associated with growth, ionic homeostasis and some biochemical components.
Material and methods

Growth conditions and experimental design
The seeds of A. karroo Hayne were collected from Aïn El Baïda salt farm area (Oran, Algeria) (latitude: 35°39'34.96"N; longitude: 0°40'4.68"W; elevation: 136 m) and those of A. saligna from the region of Terga (Aïn Temouchent, Algeria) (latitude: 35°26'32.26"N; longitude: 1°13'42.80"W; elevation: 2 m). Pods were collected from 10 trees and the seeds were then mixed. The thousand-seed-weight of A. karroo and A. saligna were 39 g and 15 g, respectively. Sieving and flotation were used to sort out seeds. The clean seeds were then spread on filter paper to dry. Once dried, the seeds undergo a chemical treatment which consisted of immersion in 96% sulphuric acid for 30 minutes for A. karroo (Kheloufi 2017) and 90 minutes for A. saligna (Kheloufi et al. 2017b) , followed by washing in distilled water. A. karroo and A. saligna seeds need this pre-treatment to break the seed coat dormancy.
Seeds were germinated in plastic pot (Top diameter: 10 cm; Bottom diameter: 7 cm; Height: 14 cm) (Figure 1) ) and arranged according to the method of complete randomized blocks with four replicates under greenhouse conditions. Sand was sieved at 2 mm to eliminate wastes and coarser material then washed repeatedly with tap water to eliminate all carbonates and chlorides. The experiment was conducted in the green house of Ecology and Environment Department, University of Batna 2, Algeria.
Three months (90 days) old healthy seedlings of uniform size were selected as initial material and further grown in KNOP's nutrient medium. Plants were subjected to salt treatment by supplementing the nutrient medium with varied sodium chloride (NaCl) concentrations (200, 400 and 600 mM) ( Table 1 ). The control plants were grown in the nutrient medium devoid of NaCl. The nutrient solutions were replaced with freshly prepared solutions at every 7 days intervals.
After 21 days of salt treatment, stem and root samples were harvested from control and NaCl-treated plants for estimation of various parameters. It should be noted that for each measurement/treatment or assay, a number of 4 replications were used. In addition, and to ensure the study of the effect salinity on all parameters with the same conditions of growth and development, a considerable number of plants were used (30 plants × 4 treatments × 2 species). 
Studied parameters
The estimation of biochemical parameters took place at the Biotechnology Research Center (CRBt) (Constantine, Algeria). 
Salinity tolerance index
STI
Estimating ion contents in leaves
Twenty-one days of NaCl treatments, four plants were used from each treatment for numerous measurements. Leaves dry matter (LDM) was measured at 60 °C for 48 h. The oven-dried leaves samples were ground into powder and kept in a desiccator for determining the contents of Na + , K + and Ca 2+ . After desiccation, the powdered samples were used to determine the ion contents by Inductively coupled plasma-mass spectrometry (Kleve, Germany) following the method of John et al. (2003) .
Contents of proline, total free amino acids and soluble proteins
The levels of proline (Pr), total free amino acids (TFAA) and soluble proteins (SPt) in leaves were determined following the methods described by Ringel et al. (2003) , Yemm et al. (1955) and Bradford (1976) , respectively.
Contents of reducing sugars and starch
The contents of reducing sugars (RS) and starch (St) in leaves samples were estimated according to the method of Green and Schwarz (1989) and Hansen and Møller (1975) , respectively.
All experiments were conducted with four replicates (n = 4) and the mean (± SD), one-way and two-way ANOVA were calculated using SAS Version 9.0 (Statistical Analysis System) (2002) software. The mean separations were carried out using Duncan's multiple range tests and significance was determined at p ≤ 0.05. The graphics were made with Excel 2016.
Result and discussion
The effect of NaCl, the species and their correlation (TRT × Sp) was highly significant on all the parameters studied in this work (p < 0.0001) ( Table 2) .
Salinity tolerance index
The STI is a reliable parameter for the determination of salt tolerance (Krishnamurthy et al. 2016 ). According to (Table 2) , it was not affected by salt stress at low and high levels (p<0.0001) except that there is a highly significant difference between the two species studied (p<0.0001). Indeed, in A. karroo, the increase in salinity had no effect on total dry biomass ( Figure 2 ). In A. saligna, the STI recorded a 50% reduction at 200 and 400 mM NaCl, and this reduction reached 70% at 600 mM NaCl compared to control (Figure 2 ). Dry biomass is used to estimate the salinity tolerance index as suggested by many authors (Feng et al. 2018 ) in order to evaluate the threshold of salinity tolerance over a given period. Our results indicate that plants exposed to salt stress at different concentrations had delaying effects on whole plant performance, including growth and development inhibition.
Our conclusions corroborate those of Rahman et al. (2017) who worked on Acacia auriculiformis and concluded that the high salt tolerance index (STI) at the seedling stage indicates that the key mechanisms of salt tolerance in plants may be associated with (1) accumulation of compatible solutes such as Proline, total sugars, reducing sugars and total free amino acids; (2) increase the amount of K + and Ca 2+ ions in the leaves; (3) to increase the retention of K + ions in photosynthetic tissues by preventing the absorption of Na + ; (4) anatomic adjustment by increasing the endodermal thickness of the stems and roots; (5) effective compartmentalization of Na + in vacuoles and (6) the increased exclusion of Na + . 
Effect of salinity on ionic homeostasis
In this study, the contents of various mineral ions were analyzed to better understand the salinity effect on the mineral absorption and their accumulation in the leaves. In the leaves of both acacia species, the Na + and Ca 2+ content increased gradually with increasing salt concentration except for the 600 mM concentration where the Ca 2+ content in A. saligna leaves decreased by 60% compared to 400 mM NaCl ( Figure 3A , Figure 3C ). Figure 2 . Effect of salt stress on the salinity tolerance index in two acacia species (A. karroo and A. saligna) after 21 days of treatment at different levels. For each species, means, in each box, with similar letters are not significantly different at the 5% probability level using Duncan's test. Na + and Ca 2+ levels in leaf tissues in acacia plants stressed with sodium chloride are in continuous growth, while the K + content has decreased very significantly ( Figure 3B ). In both species studied and for all the salt treatments used, the curve of the RatioNa+/K+ in the leaves was similar to that of the Na + ion increase ( Figure 3D , Figure 3A ). Under the extreme stress level (600 mM NaCl), the RatioNa+/K+ in foliar tissues of A. saligna reached a maximum of 22.4 mg.g-1 LDM. This increase is three times higher than that recorded in A. karroo leaves ( Figure 3D ). Maintaining osmotic pressure and turgor in leaf tissues under saline conditions is mainly realized in halophytes using inorganic ions (Na + , Cl -and K + ) in order to maintain the leaves osmotic pressure and turgidity in saline conditions (Shabala and Munns 2017) . These three main ions represent 80% to 95% of the osmotic pressure of the cells (MoirBarnetson et al. 2016 ). However, glycophytes do this homeostasis by increasing the synthesis of new compatible solutes (Shabala and Munns 2017) .
Based on several research results, salt tolerance in plants can be associated with three behaviors: (i) the exclusion of Na + , (ii) the inclusion of Na + and (iii) Na + sequestration in vacuoles. In addition, the impact of salt stress on the absorption and transport of other minerals is also considered to be a determining factor of salt tolerance mechanism in plants (Farooq et al. 2015) . In this study, the content of Na + and Ca 2+ in the leaves of A. karroo increased continuously as a function of salt concentration, while the K + content was continuously reduced, leading to an increase in the Na + /K + ratio ( Figure 3D ). In halophyte plant species, the Na + ions increase in the vacuole, realizing a relation with the activities of antiport localization Na + /H + (NHX) and H + -ATPase (VH + -ATPase) vacuolar on the vacuolar membrane (Zhang et al. 2012 ). In vacuoles, K + ions play a key role in turgor. However, under salt stress, there is an efflux of K + and an influx of Na + (Dreyer and Uozumi 2011; Bose et al. 2014) . Na + ions also played a role in the conservation of cells turgor under salt stress (Hasegawa 2013) . These data indicate that the competitive inhibition between Na + and K + uptake causes a change in the intracellular Na + /K + ratio in the acacia plants studied. The significant increase in Ca 2+ levels in the leaves of the two acacia species subjected to salt stress ( Figure 3C , Figure 4B ) also indicates that ion exclusion mechanisms reduce the antagonistic effects of Na + , thus accelerating the absorption of other beneficial nutrients such as potassium, which actively participates in the activation of enzymes, the stabilization of protein synthesis, the maintenance of membrane potential and cytosolic pH, while calcium plays a key role in K + /Na + selectivity and signal transduction to salt stress (Chakraborty et al. 2018) . In both acacia species, we observed an increase in leaf Ca 2+ under salt stress conditions, which contrasted strongly with the reduction of Ca 2+ in other plant species when plants were subjected to the same type of stress (Prasath and Gomathinayagam 2016; Diouf et al. 2018) . Choi et al. (2017) reported that Ca 2+ reduces salinity, protects plants and confers salt tolerance in glycophytes. It has also been reported that exogenous Ca 2+ attenuates salinity in halophytes (Nedjimi 2017) . Indeed, Ca 2+ plays a key role in stabilizing the cell wall structure, maintaining the structural and functional integrity of the cell membrane, regulating transport and ion exchange, and acting as a messenger in saline stress signaling (Tahjib-Ul-Arif et al. 2018) .
This regulation of Na + and K + homeostasis also implies the ability of A. karroo to maintain sufficient K + uptake to maintain a reduced cytosolic Na + /K + ratio ( Figure  3D , Figure 4A ), which is a screening criterion for Salt Tolerance (Deinlein et al. 2014 ). This corroborates with the findings of previous work of Nemati et al. (2011) and Bader et al. (2015) who reported an increase in the Na + /K + ratio or a reduction in the K + /Na + ratio, respectively. A similar observation (accumulation of Na + and reduction of K + ) has been reported in other acacia species (A. longifolia, A. ampliceps and A. auriculiformis) grown under saline conditions (Morais et al. 2012; Theerawitaya et al. 2015; Rahman et al. 2017) . Chen et al. (2010) also confirmed that high salt concentrations induced Na + uptake and transport and reduced K + content in leaf tissues. The increase in Ca 2+ accumulation despite the increase in Na + is interpreted by the fact that Na + interferes with the absorption of Ca 2+ in the presence of salt (Amtmann et al. 2018) . Ca 2+ accumulation under extreme salinity conditions (600 mM NaCl) could help to protect the two acacia species from the toxic effects of Na + by activating the SOS pathway, which protect against salinity-induced cell membrane damage (Almeida et al. 2017 ). Our results therefore suggest that the highest levels of K + and Ca 2+ in the leaves support the optimal functioning of metabolic processes and salt tolerance in A. karroo and A. saligna. In addition, intracellular K + homeostasis is a prerequisite for the optimal functioning of the plant's metabolic mechanism and its overall performance (Amtmann et al. 2018 ). This result may indicate the important role played by divalent cations such as Ca 2+ as blockers of potassium efflux channels, allowing efficient retention of Ca 2+ in photosynthetically active leaf tissues (Almeida et al. 2017 ).
Effect of salinity on proline, soluble proteins, total free amino acids, starch and reducing sugars in leaves
According to Figure 5A , the leaves proline content in A. karroo increased very remarkably by 320, 645 and 1454% after exposure to 200, 400 and 600 mM NaCl, respectively, compared to the control. The same increase was observed in A. saligna except that the values are lower because the proline content was low in the control plants ( Figure 5A) .
A progressive increase in the total free amino acid content was observed when the levels of exposure to salinity increased and this in both studied species ( Figure 5C ). This increase is much more expressed under 600 mM NaCl. Indeed, in the leaves of the two species studied, the content of free amino acids exceeds 85% of the control ( Figure 5C ). At the same time and according to the same nature of biomolecules, the total protein content in the leaves underwent a regressive evolution in both species following the increase of the NaCl concentration but with much more pronounced values in A. karroo ( Figure 5B ). In fact, the total protein content decreases from approximately 30% at 600mM NaCl in the leaves of both species ( Figure 5B) .
There is also a positive relationship between NaCl concentrations and reducing sugar contents, and maximum levels are observed at the highest salinity level (600 mM) in the leaves of the both species after 21 days of exposure to salt stress. Under this concentration, the reducing sugar content exceeds the control plants of 300% and 200% respectively in A. karroo and A. saligna (Figure 5E) . On the other hand, the evolution of the starch content is inversely proportional to the increase of the salinity levels. Indeed, Figure 5D clearly shows that the starch content is reduced at 50% in both species under 600 mM NaCl. It should be noted that the values recorded in all these secondary metabolites are high in the leaves of A. karroo and this in both stressed or unstressed plants ( Figure 5 ).
In a highly saline environment, the main physiological response of plants is to perform osmotic adjustment through two processes: the accumulation of ions in the vacuole and the synthesis of compatible solutes in the cytosol (Hajiboland et al. 2014; Razzaghi et al. 2015) . Therefore, salinity-induced changes in levels of various organic metabolites such as reducing sugars, starch, total proteins, total free amino acids and proline were analyzed to determine the role of these organic metabolites in osmotic adjustment and salt tolerance in A. karroo and A. saligna. We observed a significant increase in the reducing sugar content under extreme salt level and a gradual decrease in starch content with an increase in salinity ( Figure 5 ). Decreasing the starch content and increasing the reducing sugar content under higher salinity conditions could be due to conversion of starch to provide more sugar and energy for osmotic protection under increased salinity (Thalmann and Santelia 2014) . Sugars play a key role in adaptive processes related to NaCl tolerance via interdependent mechanisms of growth and osmoregulation (Sharif and Khan 2016) . For example, Chaum et al. (2009) found that the total soluble sugar level of a salt-resistant rice variety is higher than that of the salt-sensitive variety, and that the sugars enhance salt-induced osmotic stress resistance in rice plants.
In the leaves of the two acacia species studied in this work, the total content of free amino acids and proline increased under the three NaCl concentrations compared to the control, especially under the 600 mM treatment. The high accumulation of free amino acids may be due to the high biosynthesis of amino acids or the progressive activity of the protease for osmotic adjustment (Parida and Das 2005) . Proline is known to provide improved protection against salinity by eliminating free radicals, stabilizing membranes, proteins and enzymes, and maintaining ionic homeostasis (Dagar and Minhas 2016) . The present study showed an increase in proline content at all salt concentrations. The increase in saline-induced leaf proline in these two acacia species may be due to improved proline biosynthesis and/or may be due to the inhibition of proline catabolism. The increase in leaf proline content in response to salt stress has been reported in many forest and fruit trees: Olive tree (Ahmed et al. 2012) , Date palm (Yaish 2015) , Lemon tree (Balal et al. 2011) , Eucalyptus (Chaum et al. 2013) , Acacia auriculiformis (Patel et al. 2010) , Acacia saligna (Soliman et al. 2012) , Acacia arabica (Lassouane et al. 2013) , Acacia longifolia (Morais et al. 2012) and Acacia senegal (Patel et al. 2011) . Proline production induced by salt stress has been demonstrated in halophyte and glycophyte species; except that halophytes accumulate more leaf proline under normal and stressed conditions (Himabindu et al. 2016) . It has been shown that proline also has an osmoregulatory function interpreted by membrane protection and enzyme stabilization (Zouari et al. 2016) . Therefore, the osmoregulatory function of proline in A. karroo and A. saligna shows clearly through the increase of its content, joining an increase in the content of total amino acids, playing a role in the maintenance of osmotic equilibrium of the cell under high salinity conditions. In fact, by maintaining high levels of free amino acids, halophytes are able to satisfy the rise demand for amino acids during protein metabolism (Suprasanna et al. 2016) . The observed decreases in starch and protein corroborated the increase in levels of sugars and amino acids in A. karroo leaves under different levels of salinity ( Figure 6 ). 
Conclusion
Although the plants of A. karroo and A. saligna showed some changes under moderate and high saline stress, they continued their vegetative growth and maintained a considerable and fairly stable dry biomass was observed in A. karroo under salinity conditions. This adaptation proved very specific to each species for better survival in saline environments. Evaluation of seedling survival or leaf Na + content may not be significant as a predictor of salinity tolerance without further information, such as the effect of salinity on various growth parameters at the time of application in other organs such as stems and roots. In this work, we sought to describe the mechanisms used to measure some of the processes that can contribute to salinity tolerance. The parameters estimated during this study are valid only for the case of young plants in pots and under well-defined conditions. It would be necessary to validate our results with an afforestation program. On the other hand, this study does not exclude that these acacia species are considered as potential halophytic species to be cultivated in saline lands, thus making them favorable to agroforestry practices, especially since these forest trees have the capacity to revegetate nutrientpoor soils.
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